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Lineage conversion of differentiated cells in
response to hormonal feedback has yet to be
described. To investigate this, we studied the adre-
nal cortex, which is composed of functionally distinct
concentric layers that develop postnatally, the outer
zona glomerulosa (zG) and the inner zona fasciculata
(zF). These layers have separate functions, are
continuously renewed in response to physiological
demands, and are regulated by discrete hormonal
feedback loops. Their cellular origin, lineage relation-
ship, and renewal mechanism, however, remain
poorly understood. Cell-fate mapping and gene-
deletion studies using zG-specific Cre expression
demonstrate that differentiated zG cells undergo
lineage conversion into zF cells. In addition, zGmain-
tenance is dependent on the master transcriptional
regulator Steroidogenic Factor 1 (SF-1), and zG-
specific Sf-1 deletion prevents lineage conversion.
These findings demonstrate that adrenocortical
zonation and regeneration result from lineage con-
version andmay provide a paradigm for homeostatic
cellular renewal in other tissues.
INTRODUCTION
Proper development and function of the adrenal gland is para-
mount for organism survival. During early postnatal life, the
adrenal cortex in mice undergoes the process of zonation, in
which two concentric and functionally discrete layers, the
zona glomerulosa (zG) and the zona fasciculata (zF), are formed
(Figure 1A; Kim et al., 2009). The morphologically distinct outer
layer, the zG, is comprised of differentiated cells that pro-
duce mineralocorticoids, which are essential for sodium and
potassium homeostasis. In contrast, differentiated cells within
the inner layer, the zF, produce glucocorticoids, which are crit-
ical for diverse processes such as stress response, glucose666 Developmental Cell 26, 666–673, September 30, 2013 ª2013 Elshomeostasis, vascular tone, and immune regulation. Both
layers are continuously renewed throughout life and undergo
dynamic hormonal feedback regulation. Despite the functional
importance of these separate layers, surprisingly little is
known about the developmental mechanisms underlying their
formation. Two models have been proposed to explain post-
natal adrenocortical zonation: the model of centripetal migra-
tion (Salmon and Zwemer, 1941) and the zonal model of
lineage development (Deane and Greep, 1946). In the centrip-
etal migration model, undifferentiated progenitor cells in the
capsule or subcapsular region give rise to terminally differenti-
ated mineralocorticoid-producing zG cells. These cells then
migrate centripetally and are thought to undergo lineage con-
version into glucocorticoid-producing zF cells before undergo-
ing apoptosis at the corticomedullary junction (Kim et al.,
2009). In contrast, the zonal model argues that each zone
develops and is maintained independently by zone-specific
progenitor cells. Recent studies that used lineage tracing to
map the cell fate of Shh- and Gli1-expressing progenitor cells
demonstrated radial stripes that appeared to migrate through
the zG into the zF, providing support for the model of centrip-
etal migration (King et al., 2009). However, definitive proof for
this model is lacking because these studies were not designed
to test whether zG cells contribute directly to the zF. Whether
additional mechanisms are required for tissue homeostasis
remains to be determined.
Various studies have described the lineage conversion of one
fully differentiated cell type to another without passage through
an undifferentiated state, following the overexpression of select
transcription factors (reviewed in Sancho-Martinez et al., 2012).
As early as 1987, studies showed that expression of MyoD was
sufficient to convert fibroblasts into myoblasts (Davis et al.,
1987). A more recent study described the conversion of pancre-
atic exocrine cells into insulin-producing endocrine cells (Zhou
et al., 2008). Taken together, these studies highlight the role of
master transcriptional regulators in cell-fate determination.
Direct conversion between cell types also occurs spontaneously
in vivo during early development, chronic injury, and regenera-
tive states (Sisakhtnezhad andMatin, 2012), although the under-
lying mechanisms responsible for lineage conversion remain
poorly understood.evier Inc.
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Lineage Conversion of zG into zF cellsSteroidogenic Factor 1 (SF-1, also known as NR5A1 and
AD4BP) is a master regulator that is essential for adrenal
development (Luo et al., 1994). In adult mice, SF-1 regulates ste-
roidogenic gene expression and is required for adrenocortical
homeostasis following unilateral adrenalectomy (Beuschlein
et al., 2002). SF-1 can also convert embryonic andmesenchymal
stem cells into steroid-producing cells (Crawford et al., 1997;
Sakai et al., 2008), suggesting that SF-1 plays a role in lineage
conversion.
Using lineage-tracing studies, we demonstrate that adreno-
cortical zonation occurs when differentiated zG cells undergo
lineage conversion into zF cells during postnatal development,
consistent with the model of centripetal migration. Our studies
also show that this mechanism is recapitulated during
adrenal regeneration in older animals following dexametha-
sone suppression. Furthermore, zG maintenance is dependent
on SF-1. Surprisingly, following loss of SF-1 in zG cells, a
fully functional zF is formed and maintained long term,
demonstrating that a zG-independent mechanism also exists.
Together, these results establish that lineage conversion
between terminally differentiated cells gives rise to adrenal
zonation during development and regeneration, and provide
insight into the cellular and molecular mechanisms underlying
tissue homeostasis.
RESULTS
Generation and Validation of Aldosterone Synthase-Cre
Mice
The steroidogenic enzyme aldosterone synthase (AS) is
required for the final steps of aldosterone synthesis and its
gene expression is restricted to terminally differentiated cells
in the zG (Kim et al., 2009), making it a highly specific zG
marker. To determine whether lineage conversion occurs within
the adrenal and is responsible for cortical zonation via centrip-
etal migration, we generated AS-Cre mice by introducing Cre
recombinase into the genetic locus for AS (official gene symbol:
Cyp11b2) by using homologous recombination in embryonic
stem cells (ESCs; Figures 1B and 1C). Following breeding to
germline heterozygosity, Cre expression was confirmed to be
restricted to the zG by immunostaining (Figure 1D) as well as
by gene-expression analysis of zG and zF regions isolated by
laser capture microdissection (Figures 1E; Figure S1C available
online). To ensure that disruption of the AS allele in AS+/Cre mice
did not result in haploinsufficiency, we measured AS levels by
in situ hybridization, which showed no change in gene ex-
pression (Figure 1F). We also measured the production of
aldosterone, the principal hormone produced by the zG, as
well as plasma renin activity (PRA), an essential component of
the renin-angiotensin system (RAS). Both levels were un-
changed between wild-type and AS+/Cre mice (Figure 1G), indi-
cating normal feedback regulation. Therefore, AS+/Cre mice can
be used to investigate the role of zG cells in adrenal zonation
under normal physiologic conditions. In contrast, homozygous
ASCre/Cre mice are AS null (Figures 1F and S1A) and show upre-
gulation of the RAS (Figure 1G), in agreement with a previous
report (Lee et al., 2005). Despite disruption of both AS alleles
in ASCre/Cre mice, Cre expression remains restricted to the zG
region (Figure 1D).DevelopmenzF Cells Arise from the zG during Postnatal
Development and Regeneration
To investigate the lineage relationship between differentiated zG
and zF cells and the origins of adrenal zonation, we generated
AS+/Cre:: R26R+/mTmG bigenic mice (Figure 2A) and performed
a series of lineage-tracing experiments. As expected, given
that AS expression begins before birth (Wotus et al., 1998),
confocal analysis of adrenal glands at embryonic day 16.5
(E16.5; Figure S1B) and postnatal day 1 (Figure 2B) revealed
that single GFP+ cells were restricted to the subcapsular region
and not present in controls (Figure 2B). During subsequent
weeks, the zG was progressively marked by GFP (Figure 2D),
which over time arose in the zF in a radial fashion (Figure 2E),
and ultimately remodeled the entire zF by12weeks of age (Fig-
ures 2F and S2A). The specificity of zFmarking was confirmed by
laser capture microdissection and coimmunofluorescent ana-
lyses (Figures 1E, S1C, S2B, and S2C). In addition, we validated
the age-dependent increases in GFP+ cells and the presence
of marked zF cells using flow cytometry (Figure S1D). To
investigate whether zG-to-zF lineage conversion also functions
during adrenal regeneration, we treated 5-week-old AS+/Cre::
R26R+/mTmG mice with dexamethasone, a potent synthetic
glucocorticoid, for 2 weeks to suppress the zF through negative
feedback on the hypothalamus and pituitary gland, and then
allowed them to recover for 3–5 weeks (Figures 2G and 2H).
Dexamethasone treatment resulted in a marked reduction in
the zF and loss of GFP+ cells, with no change in GFP+ zG cells
(Figure 2I). Following dexamethasone withdrawal, the zF
expanded with a return of zG-to-zF lineage conversion (Fig-
ure 2J), indicating that regeneration recapitulates development
in the adult. Together, these data establish that differentiated
zG cells give rise to zF cells through a process of direct lineage
conversion during postnatal adrenocortical zonation and regen-
eration, consistent with the model of centripetal migration.
Accelerated Lineage Marking in AS Null Mice
Our lineage-tracing studies indicate that complete marking of
the zF takes up to 12 weeks (Figure 2), consistent with the notion
that adrenocortical turnover in the adult is a relatively slow pro-
cess. To investigate whether upregulation of the RAS, as occurs
in AS null mice (Figure 1G), would alter lineage marking, we
generated ASCre/Cre:: R26R+/mTmG mice. In contrast to AS+/Cre
mice (Figure 3A), the zG from ASCre/Cre mice was fully labeled
with GFP (Figure 3C) by 2 weeks of age, consistent with
increased Cre expression and (presumably) increased recombi-
nation efficiency. Remarkably, at 5 weeks of postnatal develop-
ment, the entire zF was GFP+ (Figure 3D), in contrast to AS+/Cre
mice (Figure 3B). In addition, the zG was disorganized, as previ-
ously described for AS null mice (Lee et al., 2005), although Cre
expression remained restricted to this region (Figures 1D and
S3). These data indicate that lineage marking is accelerated in
ASCre/Cremice (Figure 3E) and further support lineage conversion
via centripetal migration as the cellular mechanism for adreno-
cortical zonation.
SF-1, but Not Dax-1, Is Required for zGMaintenance and
Subsequent Lineage Conversion
To investigate the molecular mechanism(s) that regulate lineage
conversion in the adrenal, and to identify genes involved intal Cell 26, 666–673, September 30, 2013 ª2013 Elsevier Inc. 667
Figure 1. The zG Is Normally Regulated in AS+/Cre Mice
(A) Schematic of adrenal cortex, showing the relationship of zG to zF cells.
(B) Cre recombinase was targeted to the Cyp11b2 (AS) genomic locus by homologous recombination in mouse ES cells. The resultant transgenic mice were
crossed with FLP deleter mice to excise the FRT-flanked NeomycinRes cassette.
(C) Southern blot analysis confirmed homologous recombination.
(D) Cre recombinase is restricted to the zG demonstrated by immunostaining in both AS+/Cre and ASCre/Cre mice.
(E) Laser capture microdissection and isolation of zG and zF RNA, followed by qRT-PCR analysis, confirmed restriction of Cre expression to zG cells.
Mean ± SEM.
(F) In situ hybridization demonstrates comparable AS expression in wild-type AS+/+ and heterozygous AS+/Cre adrenals, and a lack of AS expression in
homozygous ASCre/Cre adrenals.
(G) Aldosterone and PRA levels are unchanged in AS+/Cre mice compared with controls. ASCre/Cre mice show undetectable levels of aldosterone and a
compensatory rise in PRA levels (mean, *p < 0.0001).
See also Figure S1.
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Lineage Conversion of zG into zF cellszonation, we performed a series of zG-specific gene-deletion
studies. SF-1, a master transcriptional regulator of adrenal
development, is expressed throughout the cortex in adult
mice. To investigate whether SF-1 plays a critical role in zG
growth and maintenance, we generated AS+/Cre:: Sf-1fl/fl mice.
Morphological analysis of young and old mice revealed that
the zG was disorganized with pleomorphic nuclei, whereas the668 Developmental Cell 26, 666–673, September 30, 2013 ª2013 ElszF appeared normal (Figures 4F and 4G). Consistent with the
observed morphology, gene-expression studies for zG-specific
steroidogenic enzymes (AS and Hsd3b6) showed that levels
were decreased in AS+/Cre:: Sf-1fl/fl mice, raising the possibility
of dedifferentiation, whereas zF-specific steroidogenic enzymes
(Cyp11b1 and Hsd3b1) were unchanged (Figure S4A). To
investigate the effect of zG-specific Sf-1 deletion on lineageevier Inc.
Figure 2. zF Cells Arise from zG Cells
through Lineage Conversion
(A) Schematic of genetic loci for AS+/Cre and the
R26RmT/mG reporter alongwith the expected result
for centripetal migration over time.
(B–F) Confocal analysis of mTomato and mGFP
expression from AS+/Cre:: R26RmT/mG mice from
birth (P1) through 12 weeks. Arrows demarcate
GFP+ cells.
(G) Schematic showing positive (+) and negative
() feedback regulation.
(H–J) Mice received dexamethasone from 3 to
5 weeks of age and adrenals were analyzed at the
peak of suppression (I) and following adrenal
regeneration (J).
See also Figure S2.
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Lineage Conversion of zG into zF cellsconversion, we analyzed AS +/Cre:: R26R+/mTmG:: Sf-1fl/fl mice.
Remarkably, deletion of Sf-1 within zG cells resulted in a com-
plete absence of GFP expression within the zF (Figure 4H),
even by 6 months of age (data not shown). In contrast, loss of
only one copy of Sf-1 did not impact lineage conversion (data
not shown). To confirm deletion of Sf-1, we performed coim-
munofluorescent analysis for SF-1 and GFP using AS+ /Cre::
R26R+/mTmG:: Sf-1fl/fl mice. In contrast to control mice, in which
90% of zG cells coexpressed SF-1 (Figures 4E and S4E),
only 20% of GFP-positive zG cells coexpressed SF-1 in these
mice (Figures 4J, S4E, and S4F). A similar decrease was
observed for AS marking of zG cells (Figures 4I and S4D), further
implying dedifferentiation of zG cells in the absence of SF-1.
Analysis of zF cells in AS+ /Cre:: R26R+/mTmG:: Sf-1fl/fl mice re-
vealed they were SF-1+ and GFP (Figure 4J), indicating these
cells were not derived from the SF-1-deficient zG cells. Since
the ASCre/Cre model demonstrates increased efficiency of zG
labeling, we generated ASCre/Cre:: R26R+/mTmG:: Sf-1fl/fl mice to
confirm that the presence of a normal zF was not simply due
to inefficient Cre recombination. Consistent with the prior anal-
ysis, SF-1-deficient zG cells were unable to contribute to zF cells
(Figures S4B and S4G). To assess the functional capacity of zF
cells in mice harboring zG-specific SF-1 deficiency, we analyzed
expression of P450SCC, an essential steroidogenic enzyme, by
immunohistochemistry (Figure 4K) and plasma corticosteroneDevelopmental Cell 26, 666–673, Selevels (Figure S4C), which revealed
entirely normal zF functional activity. In
contrast, functional analysis of the zG re-
vealed decreased P450SCC expression
and a state of compensated hypoaldos-
teronism, as indicated by normal aldoste-
rone levels and a nearly 3-fold increase in
the levels of plasma renin (Figure 4L). The
presence of a morphologically normal zF
in these mice suggests that an alternate
zG-independent pathway exists for zF
formation and maintenance.
To gain insight into the mechanisms
underlying SF-1’s role in zG cell mainte-
nance, we assessed whether the SHH
and Wnt signaling pathways were altered
in the adrenals of zG-specific Sf-1knockout mice. We chose these pathways because they have
been implicated in both adrenocortical homeostasis and zona-
tion. Analysis of gene expression showed changes in both
SHH signaling (decreased Shh and increased Gli1) and Wnt
signaling (decreased APCDD1 and increased Sfrp2 and Sfrp3;
Figure S4H). These results further support a role for these path-
ways in adrenal maintenance and suggest that important
changes in homeostatic feedback regulation occur following
loss of SF-1 in zG cells.
To investigate whether DAX-1 (also known as NR0B1), a tran-
scription factor that is important for adrenal development and
maintenance (Scheys et al., 2011), plays a role in lineage conver-
sion, we generated AS +/Cre:: R26R+/mTmG:: Dax-1fl/Y mice. In
contrast to control mice, loss of DAX-1 had no obvious impact
on the ability of zG cells to contribute to the zF (Figure S4I),
even by 8 months of age, demonstrating that postnatal zonation
and lineage conversion is not DAX-1 dependent.
DISCUSSION
We have established that functional zonation of the adrenal
results from direct lineage conversion between terminally differ-
entiated cells during postnatal development and during regener-
ation, consistent with the model of centripetal migration.
Following zG-specific deletion of Sf-1, zG cells can no longerptember 30, 2013 ª2013 Elsevier Inc. 669
Figure 3. Accelerated Lineage Marking in AS-Deficient Mice
(A–D) Confocal analysis of adrenals from AS+/Cre:: R26R+/mTmG (A and B) and
ASCre/Cre:: R26R+/mTmG (C and D) mice at 2 (A and C) and 5 (B and D) weeks of
age. Female adrenal that retains the X zone (bright pink) is shown in (B).
(E) Schematic showing aldosterone deficiency leads to secondary elevation of
PRA levels through hormonal feedback.
See also Figure S3.
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Lineage Conversion of zG into zF cellscontribute to zF cells, presumably due to an inability to differen-
tiate, although remarkably, a functional zF is maintained
throughout adult life, providing evidence for a zG-independent
mechanism of lineage development (Figure 4M). These findings
underscore the plasticity of this vital organ and raise the possibil-
ity that lineage conversion within other tissues, e.g., pancreatic
alpha to beta cell conversion (Thorel et al., 2010), may occur in
response to hormonal signals.
Cellular Mechanisms Underlying Adrenocortical
Homeostasis
Tissue homeostasis during postnatal development is thought to
result from either differentiation of tissue-specific progenitor/
stem cells (e.g., intestinal epithelium) or self-duplication of
differentiated cells (e.g., pancreatic beta cells). In response
to regenerative stress, however, additional mechanisms have
been proposed to play a role, including cellular dediffer-
entiation, reprogramming, and direct lineage conversion
(Jopling et al., 2011; Sancho-Martinez et al., 2012). The
mechanisms responsible for tissue maintenance in the adult
adrenal are just beginning to be elucidated. For example,
recent evidence demonstrates that undifferentiated pro-
genitor cells present in the capsule and subcapsular region,
marked by Gli1 and Shh expression, contribute to the670 Developmental Cell 26, 666–673, September 30, 2013 ª2013 Elsmultiple differentiated lineages (King et al., 2009). Downregula-
tion of Shh signaling, possibly in response to morphogen
gradients, leads to the differentiation of these progenitors into
zG cells. Our lineage-tracing data establish that differentiated
zG cells then undergo direct lineage conversion and migrate
to become morphologically distinct zF cells. Furthermore,
coimmunostaining for CYP11B1 and CYP11B2 led to the
identification of occasional double-positive cells present at
the zG-zF boundary (Figure S2D, arrows), suggesting that an
intermediate transition state may exist. Interestingly, double-
positive cells were not detected in zG-specific Sf-1 knockout
adrenals (Figure S2E) where the zG-zF boundary is more
evident.
Molecular Mechanisms Underlying Adrenal Lineage
Conversion
To explore the molecular mechanisms underlying lineage con-
version, we performed zG-specific gene deletion of candidate
genes involved in adrenal development. SF-1 is a master regu-
lator of adrenocortical development, with embryonic loss re-
sulting in adrenal agenesis and perinatal death from adrenal
insufficiency (Luo et al., 1994). During postnatal life, SF-1 is
important for the homeostatic proliferation of subcapsular pro-
genitor cells, and mice that are haploinsufficient for SF-1 have
smaller adrenals, impaired growth potential, and decreased
stress responsiveness (Beuschlein et al., 2002; Bland et al.,
2000). Analysis of AS+/Cre:: Sf-1+/fl mice demonstrated normal
lineage conversion, suggesting that haploinsufficiency does
not impact this step. Our data demonstrate that zG-specific
deletion of Sf-1 results in morphological changes consistent
with zG dedifferentiation, including a decrease in AS and
P450SCC expression. Similar results were recently obtained
by using P450SCC-Cre to delete Sf-1 in steroidogenic tissues
(Buaas et al., 2012). In addition, our results demonstrate that
Shh expression is decreased and Gli1 is increased (Figure S4H),
implying that feedback regulation exists between differentiated
zG cells and both Shh- and Gli1-expressing progenitor cells.
Also, analysis of the Wnt signaling pathway revealed a
decrease in Wnt-downstream target genes such as APCDD1,
whereas the soluble Wnt inhibitors Sfrp3 and Sfrp2 were
increased (Figure S4H), indicating a general repression of this
pathway. Together, these findings support a role for both
signaling pathways in zG homeostasis and subsequent lineage
conversion.
Alternative Mechanisms of Adrenal Homeostasis
Our data demonstrate that lineage conversion of zG into zF
cells is the preferred pathway during postnatal adrenocortical
remodeling. However, under conditions where the zG does
not function normally (such as in the absence of SF-1), an alter-
nate pathway for zF formation and maintenance appears to
exist, underscoring the importance of continued glucocorticoid
production for organismal survival. The cellular origin of this
fully functional (and zG-independent) zF raises important ques-
tions about the plasticity and regenerative strategies employed
by this tissue (Figure 4M). It is possible that a facultative
zF-specific progenitor population is activated to maintain the
zF, consistent with the zonal model of lineage development,
when the zG is not able to populate the zF. Alternatively, aevier Inc.
Figure 4. SF-1 Is Required for zG Maintenance and Subsequent Lineage Conversion into zF
(A–H) Histological and confocal analyses of 12-week-oldAS+/Cre:: Sf-1+/+ (A–C) andAS+/Cre:: Sf-1fl/fl (F–H) adrenal glands. Analysis of SF-1 expression in GFP+ zG
cells revealed lack of coexpression in the majority of cells (J) compared with control zG cells (E).
(J and K) Despite deletion of Sf-1 in GFP+ zG cells, zF cells retained SF-1 expression (J) and showed normal levels of P450scc, in contrast to zG cells, which
showed decreased P450scc (K).
(L) Analysis of plasma aldosterone levels in 7-week-old mice from both groups were unchanged; however, PRA levels were increased 3-fold in mice with Sf-1-
deficient zG cells (mean ± SEM,*p < 0.05).
(M) Schematic illustration showing zG-dependent and -independent models of adrenal lineage development.
See also Figure S4.
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Lineage Conversion of zG into zF cellsprogenitor/stem cell residing in the subcapsular region, whose
fate is restricted to the zF lineage, may be able to transit
through the zG en route to the zF without expressing zG-
specific enzymes, such as AS. Another possibility involves
putative X-zone progenitor cells. The X zone is a region of
unknown function in mice that is located between the zF and
the medulla, and originates from the fetal zone before zG cells
are first evident (Zubair et al., 2008). Our studies indicate that
during normal postnatal development, the X zone is not main-
tained via lineage conversion of zG cells (Figure S4J). However,
following zG-specific Sf-1 deletion, X-zone progenitors could
contribute to zF cells given the capacity for X-zone regenera-
tion following gonadectomy (Hershkovitz et al., 2007), deletionDevelopmenof Inhibin (Beuschlein et al., 2003), adrenal-specific deletion of
Prkar1a (Sahut-Barnola et al., 2010), and elimination of SF-1
sumoylation (Lee et al., 2011). Finally, it remains possible that
prenatally derived zF cells are maintained through self-
duplication.
Our finding that lineage conversion of terminally differentiated
cells occurs during postnatal development and regeneration
provides insight into the cellular mechanisms underlying tissue
remodeling. Our results demonstrate both a preferred pathway,
via lineage conversion of differentiated cells, and an alternate
pathway for tissue remodeling, and raise the possibility that
other tissues, e.g., pancreatic islets, may use similar mecha-
nisms for development and renewal.tal Cell 26, 666–673, September 30, 2013 ª2013 Elsevier Inc. 671
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Mouse Experiments
For details regarding the mouse experiments, see the Supplemental Experi-
mental Procedures.Gene-Expression Analysis
RNA was purified from adrenals cleaned of adherent fat and homogenized
in TRI Reagent as recommended (Sigma). For zone-specific gene-expres-
sion analysis, the zG and zF regions were isolated by laser capture
microdissection (Arcturus) and RNA was isolated using the RNAqueous-
Micro Kit (Ambion). Further processing of total RNA involved treatment
with DNase (Promega) and reverse transcription into complementary DNA
(cDNA) using the iScript cDNA Synthesis Kit (Bio-Rad). Gene-expression
analysis was performed by quantitative PCR (qPCR) on 5–20 ng of cDNA
as template with the primers listed in Table S1, using Fast SYBR Green
Master Mix (Roche) on an iQ5 Thermocycler (Bio-Rad). 18S ribosomal RNA
was used as an internal control and data are expressed using the 2-ddCt
method.Tissue Preparation and Microscopy
Mouse adrenals were fixed in 4%paraformaldehyde for 1 hr at 4C, embedded
in 2% low-melting-temperature SeaPlaque Agarose (Lonza), and cut into
100 mM sections with a vibratome. Sections were stained with DAPI and
mounted in Prolong Gold Mount Solution (Molecular Probes). Images were
captured with a laser scanning confocal microscope LSM 700 (Zeiss) and pro-
cessed using ZEN (Zeiss) or ImageJ software. Details regarding the immuno-
histochemical staining and antibodies used are included in the Supplemental
Experimental Procedures.Hormone Measurements and Treatments
Samples were collected using either rapid retro-orbital sampling (plasma) or
metabolic cages (urine) followed by radioimmunoassay (see Supplemental
Experimental Procedures for details). Dexamethasone (Intensol 1 mg/ml)
was administered in drinking water at a concentration of 0.2 mg/dl.Statistics
Student’s t test was used for comparisons between groups of two, and one-
way ANOVA and Bonferroni post hoc analysis were used for comparisons
between groups of three or more. Data are presented as the mean ± SEM.
Statistical significance was set at p < 0.05.SUPPLEMENTAL INFORMATION
Supplemental Information includes Supplemental Experimental Procedures,
four figures, and two tables and can be found with this article online at
http://dx.doi.org/10.1016/j.devcel.2013.07.016.ACKNOWLEDGMENTS
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